ABSTRACT -The morphology of fossil remains of Vestalenula (Darwinuloidea, Ostracoda) from Crete (Greece), Serbia and Italy were analysed using morphometric valve variability analysis.
INTRODUCTION
The genus Vestalenula (Ostracoda, Darwinuloidea) was established by Rossetti & Martens (1998) on the basis of the presence of a postero-ventral keel on the right valve and an internal small antero-ventral tooth on the left valve. At present the genus is represented by fifteen living species and four forms left in open nomenclature (Rossetti & Martens, 1998 , 1999 Martens & Rossetti, 2002; Pinto et al., 2003; Smith et al., 2006; Artheau, 2007) grouped within two lineages: the danielopoli-group (including four species) in which the external keel and the internal tooth are elongate, and the boteai-group where, on the contrary, the tooth and the keel are short (Table 1) .
While the genus seems to be widespread from Cuba, Brazil, Africa, Sri Lanka, New Caledonia, Australia, Japan, central Europe, Solomon Island and Israel, mainly with a southern distribution, each living species seems to be geographically confined to the area from which it was originally described (Artheau, 2007) .
Few fossil Vestalenula have been recorded and these mainly from Neogene and Quaternary deposits of Europe (Portugal, Switzerland, Austria, Germany, Slovakia, Croatia, Serbia, Greece) (Straub, 1952; Lutz, 1965; Sokač, 1979; Mostafawi, 1988 Mostafawi, , 1989 Mostafawi, , 1990 Mostafawi, , 1994 Krstić, 1995 Krstić, , 2006 Janz, 1997; Rossetti & Martens, 1998; Witt, 1998 Witt, , 2000 Ghetti et al., 2002; Pipik & Bodergat, 2003; Gross, 2004; Cabral et al., 2005; Ligios et al., 2008; Minati et al., 2008) and western Asia (Turkey, Iran and Socotra island) (Freels, 1980; Janz et al., 2001; Mazzini & Sardella, 2004) (Table 2 ). To date, only Vestalenula cylindrica (Straub, 1952) , V. flandrini (Carbonnel, 1985) , V. danielopoli (Martens et al., 1977) and Vestalenula sp. Mazzini & Sardella, 2004 have been recovered as fossil material (Table 2 ).
In the present paper the genus Vestalenula is recorded for the first time in Italy and Serbia and the recovered valves were investigated from a detailed taxonomical perspective. In order to better evaluate the slight interspecific valve shape variations typical of the known Vestalenula species, the present taxonomical analysis is supported by a geometric morphometric analysis, following Baltanás et al. (2003) , Brauneis et al. (2006a, b) , Iepure et al. (2007) , Minati et al. (2008) and Gross et al. (2008) .
fluvio-lacustrine and fluvial environments. The BaccinelloCinigiano section of Ribaldella (42( 50' 45$ N, 11( 21' 41$ E) is a 16 m thick succession of massive lacustrine silts, with a 4 m thick intercalation of a cemented matrix-supported conglomerate of fluvial origin (Ligios et al., 2008) . The Vestalenula specimens come from samples BA 61, BA 74, BA 75 and BA 80. The Velona specimens come from two nearby sections at Orcia W2 and Fosso Casotto (43( 00' 08$ N, 11( 33' 05$ E) . They comprise a fining-upward succession of conglomerates, sands and clays, with lignite intercalations, deposited in a shallowlacustrine environment (Rook & Ghetti, 1997; Ghetti et al., 2002) . Vestalenula valves occurred in samples OW2/1, VE 2, VE 36 and VE 59.
The investigated Latium (central Italy) deposits are located in the Sabina area, northeast of Rome. The Vestalenula specimens come from sample PBS 1 collected at the Colle Cigliano (Marcellina) section (42( 00' 21$ N, 12( 47' 43$ E) , from sample 10 of the borehole ARI1LGT19 (42( 11' 00$ N, 12( 44' 54$ E) and from sample 5 of the borehole ERI1LGT18 (42( 11' 04$ N, 12( 44' 51$ E) near Colle S. Lorenzo (Fara in Sabina). Both sedimentary successions comprise alternating sands, silty sands and clays deposited in continental to marginal-marine subaqueous environments (Fubelli et al., 2006) .
Serbian Vestalenula specimens come from four localities, the Danube island of Opatovačka Ada, at the Serbian-Croatian boundary, Č elarevo (near Gložanjska Č arda on the Danube, Ugrinovci near Belgrade) and Mazgoš at the Serbian-Bulgarian boundary.
On Opatovačka Ada island, borehole DP-2 was drilled into the Middle and Upper Paludinian Beds (Krstić, 2006) . The 150 m long sediment core was made of sandy gravel sediments intercalated with silts, grey marly silts and clayey silts. The sample at 72 m (Middle Paludinian Beds), bearing one Vestalenula valve, was collected from grey silts rich in carbonate concretions.
At Č elarevo, the G-3 borehole was drilled into the Middle and Lower Paludinian Beds. The succession is made up of silty clays and silts with sandy intercalations. Interbeds of black organic clays and silts are clearly distinguishable and point to a swampy environment (Krstić, 2006) . Vestalenula valves were collected at 26.6 m.
At Ugrinovci, borehole KG-33 was drilled into the Lower Paludinian Beds. The 114 m succession is made up of silts and silty sands with sandy laminations (Krstić, 2006) . Vestalenula valves were collected at 178.8 m. At Mazgoš, in an open pit near Dimitrovgrad, deposits 5.25 m above the coal seam were sampled, and the age of these sediments bearing Vestalenula valves is Late Pliocene.
MORPHOMETRIC ANALYSIS

Methodology
Four right Vestalenula valves from Tuscany, five right valves from Latium, one right valve from Serbia, three right valves A Danielopol, 1980 Phreatic lake, Cueva del Aqua, Canaguey, Cuba Danielopol (1980) Vestalenula sp. B Danielopol, 1980 Oued el Lebga and Oued Delma, northwestern Tunisia Danielopol (1980) boteai group Vestalenula boteai (Danielopol, 1970) Interstitial, Mraconia river, Romania Danielopol (1970) Vestalenula botocuda Pinto, Rocha & Martens, 2003 Mud at Mulungu, Sao Paulo State, Brazil Pinto et al. (2003) Vestalenula cuneata (Klie, 1939) Spring at Kikuyu, Kenya Klie (1939) Vestalenula daps (Harding, 1962) Lake Te-Nggano, Solomon Islands Harding (1962) Vestalenula flexuosa Rossetti & Martens, 1999 Several pools, Namibia Rossetti & Martens (1999) Vestalenula incospicua (Klie, 1935) Bandama River, Ivory Coast Klie (1935) Vestalenula irajai Pinto, Rocha & Martens, 2003 Small patches of water and among leaves and mosses, Sao Paulo State, Brazil Pinto et al. (2003) Vestalenula lundi (Neale & Victor, 1978) Sandy riverbank, Sri Lanka Neale & Victor (1978) Vestalenula marlieri (Kiss, 1959) Luhanga stream, northern extremity of Lake Tanganika, Democratic Republic of Congo Kiss (1959) Vestalenula marmonieri Rossetti & Martens, 1999 Tributary of Diahot River, New Caledonia Island; Yonderup Lake, Australia; Eil Eil Spring, Australia Davis & Christidis (1997) ; Rossetti & Martens (1999) ; Mary & Marmonier (2000) ; Martens & Rossetti (2002) Vestalenula molopoensis Riverine pools, Marico River, Molopo, Republic of South Africa Vestalenula pagliolii (Pinto & Kotzian, 1961) Riverine pools, Porto Alegre, Rio Grande do Sul, Brazil Pinto & Kotzian (1961) Vestalenula sp. C Rossetti & Martens, 1999 Spring, near the Dead Sea, Israel Rossetti & Martens (1999) Vestalenula sp. D Rossetti & Martens, 1999 Lake Sibaya, Republic of South Africa Rossetti & Martens (1999) from Crete and, for comparison, some right valves of Vestalenula cylindrica Straub, 1952 (Straub, 1952 Minati et al., 2008) were analysed. Italian, Serbian and Cretan Vestalenula valves were photographed using a transmitted-light microscope NIKON E-200 and a digital camera NIKON DS-5M. The holotype of V. cylindrica was scanned from Straub's (1952) paper, while the data concerning the Austrian population of V. cylindrica were provided by one of the authors (KM). The pictures of the valves were processed further using TPS-dig software, version 1.37 (Rohlf, 2003) , which (Carbonnel, 1985) Le Locle, Upper Freshwater Molasse, Switzerland Late Miocene Carbonnel et al. (1985) Vestalenula sp. Mazzini & Sardella, 2004 Momi Plain, Socotra Island, Yemen Quaternary Mazzini & Sardella (2004) digitizes outlines (cf. Zelditch et al., 2004) . Morphometric analysis of the valves was performed with the software MORPHOM-ATICA, version 1.6.01 (Brauneis et al., 2006a) . For a detailed description of this program and how to use it, see Brauneis et al. (2006b) . For the reconstruction of valve outlines, the program MORPHOMATICA uses the B-splines approach adapted to Ostracods by J. Linhart (cf. Baltanás et al., 2003; Brauneis et al., 2006b) . B-splines are piecewise polynomial curves which are able to approximate the various sections of an ostracod outline. MOR-PHOMATICA uses quadratic B-splines, which permits description of a curve by few parameters, i.e. the coordinates of the so-called 'control points' (Hoschek & Lasser, 1993 ). Linhart's algorithm for ostracod description of an outline consists of the approximation of curves for the upper and lower valves separately. The two parts are separated by the x-axis, which crosses the centroid of the digitized points p 1 . . .p m of the outline.
To compare the shape of two outlines, they first have to be superimposed. Ideally, this should be done in a way that the 'difference' between them is as small as possible. For this purpose the two outlines are rotated such that the centroids and the main axes of inertia coincide. To avoid differences between valves caused only by valve size, the outlines have to be scaled appropriately. It seems to be most natural to determine the scaling factor such that the outlines have an equal area ('normalised for area') (Brauneis et al., 2006b; Minati et al., 2008) .
The difference between two superimposed outlines is described easily by the vectors between the corresponding control points (Baltanás et al., 2003; Brauneis et al., 2006b ). An innovation in Linhart's algorithm for the description of shapedifferences of ostracod valves consists of the calculation of the area deviation between two superimposed (and previously scaled) outlines . The 'area deviation' is the area of part of the plane that is inside the first outline and outside the second, or vice versa. Thus, it may be viewed as the area 'between' the two outlines (the shaded region in Fig. 2 ).
Multivariate statistical analyses of the pairwise differences between Vestalenula shapes were carried out with the computer program PRIMER 6 (Plymouth Routines In Multivariate Ecological Research) (Clarke & Gorley, 2006) . We used Nonmetric Multidimensional Scaling (N-MDS) and the randomization test for difference of groups, ANOSIM (analysis of similarities), for 1-way layout (Clarke & Warwick, 2001) .
The N-MDS is a nonparametric method, which constructs a 'map' of distances reflecting the pairwise dissimilarities of the valve-shape scored. Because these distances are expressed as ranks of dissimilarities and not as absolute differences, no axes are displayed in a N-MDS plot (for the rationale and computation of the N-MDS, see Clarke & Gorley, 2006) . We used this method to demonstrate dissimilarity differences within, and among samples.
The nonparametric test ANOSIM is a permutation/ randomization method that expresses the degree of differences between pairs of samples. It is based on the corresponding rank of similarities between samples. The value of R varies between 0, when there is no separation between samples, and 1, if samples are completely separated. After Clarke & Gorley (2001) , for RR0.75 pairs of samples are well separated; for R between 0.75 and 0.50, samples are partially overlapping; while, for R % 0.50, samples are not separable.
The degree of valve variation within a population was estimated by the mean pairwise distance between 'area deviations'. This is equivalent to the MPD index of Ciampaglio et al. (2001) used by Minati et al. (2008) . Basic descriptive statistics, like arithmetic mean, standard deviation, confidence limits and coefficient of variation were calculated with the BIOMstat 3.3 software (Rohlf, 2002) .
Results
After careful observation under the stereomicroscope, the geometric morphometric analysis was applied to five groups of Vestalenula right valves from Serbia, Crete, Tuscany, Latium 1 and Latium 2. There are two forms from Latium as Latium 1 and Latium 2 valves differ considerably in the L/h ratios. The computed mean outlines (normalized for area) of each group were compared with each other (Fig. 3) . The Tuscany right valves result is different in shape from any other investigated Vestalenula valves (Figs 3a-d); in particular, it differs from Latium 1 (Fig. 3a) , Serbia ( Fig. 3c) and Crete ( Fig. 3d ) with a proportionally more elongated outline, a more pointed anterior border, an arched dorsal margin and a more sinuose ventral border. Furthermore, in comparison with the mean outline of Latium 2 (Fig. 3b) , it has a more arched dorsal border, a sinuose ventral margin and a posterior border that is more rounded ventrally. Also the Latium 2 valves differ considerably from the other Vestalenula valves (Figs 3e-g ) in their proportionally more elongated outline and more pointed anterior border. On the contrary, the comparison between the Latium 1, Serbia and Crete right valves (Fig. 3h) does not show any relevant statistical difference in shape. Similar conclusions are shown by the dendrogram of the group average linking on Bray-Curtis specimen dissimilarities, and by the non-metric multidimensional scaling (nMDS) plot (Fig. 4) . In Figure 4a , at a dissimilarity level of around 68%, two clusters are discriminated, with cluster A including Latium 1, Serbia and Crete valves and cluster B including Latium 2 and Tuscany valves. At a still higher level of dissimilarity (around 53%), cluster B is further split into subcluster B 1 (Latium 2 specimens) and sub-cluster B 2 (Tuscany specimens). In Figure 4b , three different groups are clearly separated, Tuscany, Latium 2 and a third including Latium 1, Serbia and Crete valves. In conclusion, the geometric morphometric analysis suggests three different Vestalenula taxa among the studied material. The same conclusions can be traced from the ANOSIM pairwise test (Table 3) , even if the number of each tested sample is low. Minati et al. (2008) carried out geometric morphometric analyses on several populations of the fossil species Vestalenula cylindrica (Straub, 1952) from the Late Miocene of Austria and Slovakia, and from the Pleistocene of Portugal. In the present paper a geometric morphometric comparison between the mean outline of the Austrian population (the more statistically representative) and the outline of the V. cylindrica holotype (from Straub, 1952) shows their similarity (Fig. 5) . Thus, Minati et al. (2008) morphometric data were used to compare our Vestalenula valves with V. cylindrica. The results are illustrated in Figure 6 , in which it is possible to identify that the Tuscany valves show remarkable differences (Fig. 6a) , Latium 2 is slightly more elongated [as in the Portuguese population of V. cylindrica fig. 9B )] but shows a more tapered anterior border (Fig. 6c) , whilst Latium 1, Serbia and Crete mean outlines are slightly stouter than V. cylindrica (Fig. 6b) . Additionally, when the development of the ventral keel in the right valve is taken into consideration, V. cylindrica shows a more elongated keel than the Latium 1, Serbia and Crete specimens.
Taking into account all of these considerations, we ascribe the Vestalenula valves analysed in this paper to three new species, namely Vestalenula pliocenica n. sp (Latium 1, Serbia Fig. 2 . Area deviation of two ostracod valve outlines (modified after Minati et al., 2008) .
Vestalenula in the Neogene of Italy, Crete and Serbia and Crete), Vestalenula angulata n. sp. (Tuscany) and Vestalenula longissima n. sp. (Latium 2), described in the following taxonomic section.
SYSTEMATIC DESCRIPTIONS
With the exception of the Serbian material, all the Vestalenula valves described in this paper are stored in the Gliozzi's Ostracod Collections, Dipartimento di Scienze Geologiche, Università Roma Tre. 
Description.
A new species of Vestalenula referable to the danielopoli group for the long postero-ventral keel (22% of the total length) on the right valve. Small-sized carapace with pointed anterior and rounded posterior ends; in ventral view the postero-ventral keel is not visible because the left valve widely overlaps the right one; shell rather thick. In lateral outer view, the right valve is rather elongated; gently arched dorsal margin, which bends anteriorly, underlining a pointed, infracurvated anterior margin; ventral margin straight in the posterior portion and sinuose in the anterior; posterior margin widely rounded; postero-ventral margin angulated owing to the presence of the keel; left valve stouter; gently arched horizontal dorsal margin; anterior margin rectilinear and inclined forwards in the dorsal portion and then rounded; posterior margin less rounded than in the right valve. In lateral inner view, the right part of the hinge adont with two remarkable thicknesses in correspondence of the cardinal angles. (Ghetti et al., 2002) . fig. 19 ). Remarks. The only recovered left valve is infilled with sediment so it is impossible to observe the morphology and the position of the antero-ventral tooth.
Dimensions.
Comparisons. At present, four species of Vestalenula referable to the danielopoli group are known: V. danielopoli (Martens, Rossetti & Furhmann) (Straub, 1952) displays puzzling characters, having a rather elongated keel and a narrow internal tooth (Cabral et al., 2005) . This latter species is known only as a fossil from the Miocene-Pleistocene of western Europe [Portugal (Cabral et al., 2005) ], central Europe [Germany, Switzerland, Austria, France and Slovakia (Straub, 1952; Lutz, 1965; Malz & Moayedpour, 1973; Carbonnel et al., 1985; Janz, 1997; Pipik & Bodergat, 2003; Gross, 2004; Minati et al., 2008) ], southeastern Europe [Greece (Mostafawi, 1988 (Mostafawi, , 1990 (Mostafawi, , 1994 ] and western Asia [Turkey and Iran (Freels, 1980; Janz et al., 2001] . V. matildae, V. cornelia and V. carveli are smaller than V. angulata n. sp., while V. danielopoli and V. cylindrica show the same size-range. V. angulata n. sp. differs from V. danielopoli in having a generally more elongated outline, a more angulated postero-ventral margin and a more arched dorsal margin, whilst it differs from V. cylindrica in having a more angulated postero-ventral margin, a more pointed and infracurvated anterior margin and a more arched dorsal margin.
Palaeoecology. At Velona (Ghetti et al., 2002) and BaccinelloCinigiano basins (Ligios et al., 2008) Stratigraphic range/occurrence. The species has also been found in borehole ERI1LGT18, sample 5 and at Colle Cigliano, sample PBS1, dated as Late Pliocene.
Comparisons From its large size, V. longissima n. sp. could be comparable only with Vestalenula daps (Harding, 1962) which is much larger and less elongated. Among the species included in the boteai group, only V. boteai (Danielopol, 1970) and V. lundi (Neale & Victor, 1978) show a rather elongated shape, but the outline differs greatly and they are smaller. In comparison with the fossil species V. cylindrica, V. longissima n. sp. is of a larger size, has a shorter keel, more elongated proportions and a more tapered anterior border. This is evidenced also by the H a /L ratio, Explanation of Plate 1. figs 1-14. Vestalenula angulata n. sp.: 1, detail of the posterior area of the right valve illustrated in external view in fig. 3 ; 2, detail of the central muscle scars of the right valve illustrated in fig. 7 fig. 11 ; 13, detail of the posterior area of the right valve illustrated in internal view in fig. 7 ; 14, detail of the posterior area of the right valve illustrated in fig. 12 . White bar corresponds to 0.1 mm.
where H a is the valve anterior height measured at 1/6 of the length. This index is 32.6 in V. longissima, 34.2 fig. 9 ; pl. 67, fig. 15 ; pl. 70, fig. 13 (nomen nudum).
Derivation of name.
From Pliocene, the stratigraphic interval in which the species was first found.
Diagnosis.
A new species of Vestalenula referable to the V. boteai group for the short postero-ventral keel (around 14-15% of the total length) on the right valve. Carapace pointed at the anterior end, and rounded posteriorly. In lateral view, the valves shows an elongated and low outline, even if rather variable, with a dorsal margin, which runs parallel to the ventral one until 2/3 of the length and then bends anteriorly, joining an infracurvated anterior margin. Ventral margin always straight in the posterior portion and sometimes sinuose in the anterior one. Posterior margin widely rounded. In the right valve, a postero-ventral keel is present, short and slightly shifted anteriorly. In inner view, the right adont hinge is characterized by two remarkable thicknesses in correspondence of the cardinal angles. The inner left valve is characterized by a subtriangular antero-ventral tooth. Stratigraphic range/occurrence. In Serbia, Vestalenula pliocenica n. sp. has also been collected from the Lower-Middle Paludinian Beds of DP-2 borehole (Opatovac village, Danube island) at 72.0 m (Krstić, 1995) , in the Middle Paludinian Beds of G-3 borehole at 26.6 m (borehole G-3) and in the Lower Paludinian beds of KG-33 borehole (Ugrinovci village, north of Belgrade) at 178.8 m. The species has also been collected outside the type locality in Crete (Greece) and Italy. In Crete, V. pliocenica was collected in the Tortonian section of Vrysses from sample KR10 with 3 adult carapaces, 10 adult valves, 17 instars. In Italy, valves of V. pliocenica were recovered from the Upper Pliocene (Gelasian) Colle Ciliano section, Latium (sample PBS1: 14 adult valves), Colle S. Lorenzo ARI1LGT19 borehole, Latium (sample 10: 2 adult valves) and possibly from the Velona Basin (Tuscany), section Orcia W2 (Early Messinian): sample OW2-1: 2 adult valves and 2 instars. These latter specimens show a slightly different shaped posterior border. Thus, the general stratigraphical range of the species is Tortonian-Pliocene.
Comparisons. So far, the V. boteai group includes several Vestalenula species. The relatively elongated and anteriorly shifted ridge of Vestalenula pliocenica n. sp. makes this species comparable with V. marmonieri Rossetti & Martens, 1999 (from New Caledonia) , from which it differs in a more oval outline and in a less inclined dorsal border. A similar outline is shared with Vestalenula sp. C. Rossetti & Martens, 1999 (from Israel) , but this latter form shows a more sinuous ventral margin. Even V. molopoensis and V. pagliolii seem to be rather similar to V. pliocenica n. sp., although their dorsal borders bend inwards; the first is only slightly stouter, its keel is smaller, angulated and more protruding and the brood cavity in the right valve is deeper, while the second shows a more rounded posterior border and, in the left valve, the anterior cardinal angle is not visible. V. pliocenica n. sp. differs from V. cylindrica in elongated proportions and in the shorter keel that is shifted further backwards. Palaeoecology. Vestalenula pliocenica n. sp. was found with a great number of specimens in the westernmost reaches of the Kujalnician facies in the Balkan Peninsula, at Mazgos at the Serbian/Bulgarian boundary. Together with it, halofile species such as Heterocypris salina (Brady, 1868) and Neglecandona angulata decimai (Freels, 1980) were collected, indicating brackish conditions. A single, probably juvenile, specimen was found in the Middle Danube Plain (Paludinian facies) associated only with halotolerant ostracods. At Colle Ciliano, Italy the species was collected in association with dominant Candona (Candona) sp., subordinated Cyprideis torosa (Jones) and Paralimnocythere relicta (Lilljeborg). Thus, Vestalenula pliocenica n. sp. seems to be a shallow freshwater-oligohaline form.
DISCUSSION AND CONCLUSIONS
Morphological remarks
In their revision of the Family Darwinulidae, Rossetti & Martens (1998) included the extant species within five genera; Darwinula Brady & Robertson, 1870, Alicenula Rossetti & Martens, 1998 , Vestalenula Rossetti & Martens, 1998 , Penthesilenula Rossetti & Martens, 1998 and Microdarwinula Danielopol, 1968 [according to Krstić (2006) junior synonym of Sinodarwinula Lee, 1961] . They can easily be distinguished on the basis of the soft parts, but characterization is less easy when only shells are preserved. For example, Darwinula and Alicenula are distinguished mainly by the dimensions of the adult carapace. When only instars are found, it is impossible to ascribe the specimens to either genus. Adults of Vestalenula and Penthesilenula show different carapace characters, Vestalenula is characterized by its greater size, a postero-ventral keel on the right valve and one antero-ventral internal tooth in the left valve, whilst Penthesilenula lacks the postero-ventral keel and bears two internal teeth. However, when only instars are found, the separation of the two genera becomes impossible, as young Vestalenula left valves bear two internal teeth (Freels, 1980, pl. 1, fig. 3; Smith et al., 2006, fig. 1i; Pl. 2, fig. 6; Pl. 3, fig. 8 of our paper) in the same position as species in the Penthesilenula africana group. Moreover, recently, Smith et al. (2006) described three adult male valves of Vestalenula cornelia which are smaller in size than the female (size comparable with A-1 female of Vestalenula or with small Penthesilenula species), bear two internal teeth and lack the postero-ventral keel on the right valve. Thus, unless the genital scars on the carapace are preserved, possible fossil Vestalenula males will probably be misidentified as Vestalenula instars, or as Penthesilenula.
As Vestalenula is a conservative genus with regard to morphology of the soft parts (Rossetti & Martens, 1999) , the carapace and valve features are the main characters for the specific identification. Owing to the asexual reproduction of this genus (males of Vestalenula have been found only for V. cornelia and it is not proved that they were functional; Smith et al., 2006; Schön & Martens, 2007) , even small morphological differences in the shells can be retained as diagnostic features at the specific level (Rossetti & Martens, 1998) . This is the case in the differences between V. pliocenica n. sp. and V. cylindrica, which seem to be separated only by the different length and position of the keel.
Palaeoecological remarks
The autoecology of living Vestalenula is poorly known. Extant species have been recovered both in interstitial (also phreatic) and spring habitats, connected with riverine, palustrine and hypogean environments. Generally, these are relatively seasonally stable environments, particularly as far as water temperature is concerned, which depends mainly on the geographical location of the site (altitude and latitude). Apart from a few species [V. boteai (Romania), V. cornelia (Japan) and Vestalenula sp. B (Tunisia)], the majority of the known extant Vestalenula are distributed in the Southern Hemisphere, mainly at low latitudes. Water temperature values are provided only for Vestalenula sp. A from Cuba (22.4(C), V. cuneata from Kenya (29(C) (Danielopol, 1980) and V. carveli from southern France (14-22(C) (Danielopol et al., 2009) . The latter authors observed a difference of around 12% in size between normal temperature specimens of V. carveli and warm spring specimens. consider the European fossil remains of V. pagliolii and V. danielopoli as exotic species, which migrated into Europe during Quaternary warm periods. Very few data concern water salinity, generally it seems that extant Vestalenula populate freshwater habitats (riverine pools and lakes), but at least V. daps has been recovered from Lake Te-Nggano (Solomon Islands) at a salinity around 4.56‰ (Rossetti & Martens, 1998) . Fossil Vestalenula present more information: V. pagliolii from the Eemian of Germany, V. angulata n. sp. from the Early Messinian of Italy, V. cylindrica from the Middle MioceneQuaternary of Europe and the Middle East and V. pliocenica from several Miocene-Pleistocene localities (Table 4) were recovered either with freshwater or oligo-mesohaline forms.
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